Abstract. The relationship between spatial preference and diet in four species of the genus Notropis (Pisces: Cyprinidae) was investigated in Roxbury Creek, a small stream in southern Wisconsin. Characteristic spatial distributions for each species were determined from frequency of catch in unbaited minnow traps set at varying heights and locations in the pools of the stream. Data for the year 1966-67 indicate that two species, Notropis atheriioides and N. spilopterus are common in midwater. Notropis dorsalis is most frequently found near the bottom and shows a strong preference for the upstream edge of pools. Votropis strarnineus is also found most often near the bottom but within the pools themselves. The spatial distributions of aquatic invertebrates, the major prey of Notropis in the pools of Rtoxbury Creek, were also investigated. Data gathered from drift and bottom samples taken in eight sampling periods during 1970-71 suggest a separation between the relatively sedentary bottom fauna, composed of oligochaetes, isopods, several genera of chironomids, tipulids, and trichopterans; and the drift fauna, composed of copepods, chironomids of the subfamily Orthocladiinae, ephemeropterans, and terrestrial arthropods. Certain genera, including the ubiquitous Gailmnairus were found commonly in both drift and benthic samples. Indices of similarity between pool benthos and drift ranged between 7% and 59%. Data on food habits of Notropis gathered from stomach content analysis of fishes collected over the same period indicate that 73%'/o of the invertebrate genera present are utilized by Notropis species in Roxbury Creek. Considerable overlap exists in the invertebrate genera chosen by the four species (69%-84%), and strong overall correlations between species are found in the importance of various orders of aquatic invertebrates in the diet. Differences in food habits relate principally to differences in space utilization.
INTRODUCTION
This paper attempts to describe the invertebrate fauna of a small Wisconsin stream and to analyze the pattern of exploitation of this resource by four species of the cyprinid genus Notropis.
The partitioning of food resources among closely related species touches on at least two important kinds of ecological interactions: predation and competition. The food-gathering adaptations of a predator must to some degree represent an evolutionary response to the habits of its prey. These adaptations may be influenced as well by the continued presence of other predators feeding on the same resource. Which of the two is more significant in determining the ultimate survival of a species is difficult to specify. It seems reasonable to assume, however in the case of relatively unspecialized predators, that pressures from others at the same trophic level could be of greater importance in determining the composition of the diet than would be the habits of animals actually eaten.
Competition has been defined as "the demand typically at the same time of more than one organism for the same resources of the environment in excess of immediate supply" (Larkin 1956:330) . It might be better here to employ the term "potentially competitive" for the relationship among these fishes. To establish competition one must first determine whether the resource sought by the species involved is in fact limiting. In the present study this determination could not be made. Attention is focused rather on the ways in which these different species exploit their common supply of food. It is assumed that if this resource were or ever became limiting, a reasonable prediction could be made as to the outcome of the subsequent competitive process.
Other questions of importance to the nature of potentially competitive interactions may be suggested: how long, for example, have the species been in contact; how intimate is their association; how extensive geographically is the region of overlap? Such questions touch on the significance of the relationship rather than on its functioning. The interactions of animals only casually or sporadically in contact are clearly less interesting than those of more deeply involved species. In Notropis, a very large genus of freshwater fishes, syntopic populations are commonly encountered. Whether the resulting contacts are, as a rule, sufficiently well developed to exert strong selective pressures on participating species can only be guessed at. Nevertheless, examples of this apparently widespread process would seem to be of interest.
In analyzing resource utilization among these four species, I hypothesized that partitioning of the food supply is largely a result of the partitioning of space in areas mutually inhabited, rather than of the active selection of different prey types by the fishes. To test this hypothesis I attempted to describe the spatial distribution both of the invertebrate fauna and of the fishes that prey upon these invertebrates, and then to relate the resulting overlaps in distribution to the diet of each of the four species: Notropis atherinoides, the emerald shiner; N. dorsalis, the bigmouth shiner; N. spilopterus, the spotfin shiner; and N. stramnineus, the sand shiner. 
Its lower reaches remains ice-free in winter. Data on other physical and chemical characteristics of the stream may be found in Poff and Threinen (1962).
The substrate is composed principally of sand interspersed with small patches of gravel. Pools are covered with organic detritus mixed with sand and silt.
Sandy streams, subject to mass movements of bottom material, are generally uniform, but rather unstable environments. In Roxbury Creek, however, the stream bed is partitioned into relatively permanent pools and shallows, largely because the creek interacts with the adjacent forest. Trees, undermined and toppled across the stream, or still standing with their trunks and roots extending into the channel, form semipermanent dams all along Roxbury Creek. In time of flood the scouring water excavates pools behind these obstructions. During normal flow silt, mud, and organic matter are deposited, creating conditions suitable for the rich development of animal life. As Nilsen and Larrimore have noted (1973), fallen trees may themselves serve as substrate for the development of invertebrate communities. The long, shallow, sandy stretches form relatively barren connections between these pockets of biological activity. Similar patterns have developed along most of the small tributaries flowing through the forested bottomland of the lower Wisconsin River.
The growth of aquatic plants appears to be inhibited by the shade of the forest canopy. Rooted aquatics, for example, are absent from wooded portions of Roxbury Creek, although waterweed (Elodea canadensis) grows abundantly in unshaded upstream reaches. As a consequence, leaf fall and the fruits and flowers of forest trees become the main source of organic matter on which stream life depends. This aspect of woodland stream ecology has been discussed by Hynes (1960) , Elton (1966) , Minshall (1967) , Mackay (1969) , and Cummins et al. (1973) . The fauna of the stream, ultimately dependent on leaf fall, is largely confined to the pools. where most of this detritus eventually accumulates.
In spite of the stabilizing presence of fallen trees, the pools in Roxbury Creek are sometimes buried by shifting sands. Although most are eventually reexcavated, the life of any pool is of limited duration, and the animal populations inhabiting it are subject to periodic decimation or displacement.
Between 20 and 30 pools, of various sizes but of similar morphology, may be found at any one time along the 1.6 km of permanent flow in Roxbury Creek. The stations selected for study were representative of conditions in most of these pools, and to a large extent reflect conditions in other small sandy tributaries of the lower Wisconsin River.
INTRODUCTION TO THE ECOLOGY OF NOTROPIS
The fish fauna of Roxbury Creek is composed of about 30 species belonging to eight families (Table  1) . Most of the species are rare; many, particularly the larger piscivorous fishes, must be considered stragglers from the Wisconsin River only about 1.6 km downstream. Among the exceptions are four species of the cyprinid genus Notropis: the emerald shiner, N. atherinoides; the bigmouth shiner, N. dorsalis; the spotfin shiner, N. spilopterus; and the sand shiner, N. stramineus. Vast numbers of these four species may often be found in the small pools of Roxbury Creek. The two other species of Notropis collected from Roxbury Creek were less common. Schools of N. atherinoides often harbored small numbers of N. blennius. Notropis cornutus was collected only once.
Notropis is the largest genus of freshwater fishes in North America; 97 species have been described (Blair et al. 1968 ). The genus is thought to be of monophyletic origin (Bailey, pers. comm.), but has been divided into a varying number of subgenera, usually nine, by different authors (summarized in Jordan and Evermann 1896).
Only a few of these subgenera, particularly Cyprinella, exhaustively treated by Gibbs (1957a, b) and the subgenus Notropis (Snelson 1968) , have received detailed examination.
Originally the genus was restricted to North America east of the Rocky Mountains, but introductions have been made on the West Coast (Blair et al. 1968 , Branson 1968 . In general, the greatest number of species occur in the Mississippi-Missouri drainage, with lesser numbers to the east and west. Many endemic species have been reported from streams emptying directly into the Atlantic in the Southeastern states (Gibbs 1957a, Howell and Williams 1971) . Eighteen species are recorded from Wisconsin (Johnson and Becker 1970) .
Morphology
Notropis appear generally silvery, with a dark lateral band in some species. As in other cyprinids the jaws are toothless, but pharyngeal teeth in one or two rows are found. The teeth are usually sharp-pointed, hooked, with narrow grinding surfaces (Jordan and Evermann 1896), suggesting a carnivorous diet.
Several other morphological features also appear to be correlated with the food habits of these fishes. Among these is the color of the peritoneum, usually silvery, but black in one herbivorous species, N. inekistocholas (Snelson 1971) . Similarly, the intestinal tract is short and S-shaped in carnivorous species, but long and coiled in herbivorous types (Snelson 1971 ). The size, shape, and location of the All four species are silvery and lack lateral bands. Both N. dorsalis and N. strarnineus, however, have iridescent gold dashes along the dorsal midline behind the dorsal fin, a characteristic facilitating recognition in the field. All species possess short S-shaped digestive tracts and silvery peritoneums.
It appears that these four species form a series with respect to body shape. Notropis atherinoides and N. spilopterus are both laterally compressed. Notropis strainineus with its robust, uncompressed body lies midway between these two and the dorsoventrally compressed N. dorsalis. A parallel series exists with respect to the location of the mouth. Notropis atherinoides and N. spilopterus have terminally placed, oblique mouths, whereas the mouth of N. strainineus is subterminal and only slightly oblique; N. dorsalis has a ventral, horizontal mouth.
The relationship of characters such as these to habitat has been discussed by Hubbs (1941) and Keast and Webb (1966) . Hubbs, in an illuminating paper dealing with three of these species-N. atherinoides, N. stramineus, and N. dorsalis-suggests that dorsoventral flattening and ventral mouths are associated with bottom-dwelling, bottom-feeding habits. while lateral compression together with terminal mouth placement generally implies a free-swimming mode of existence.
Habitat
The ranges of the four species broadly overlap, especially in the upper Mississippi Valley: southwestern Wisconsin, southern Minnesota, Illinois, Iowa, northern Missouri, and northwestern Kansas Distributional data may be found in Trautman (1957) and Hubbs and Lagler (1958) .
Notropis atherinoides, which has the most extensive range of the four species, characteristically inhabits larger bodies of water, the great rivers and lakes (Trautman 1957 , Cross 1967 , Pfleiger 1971 . Although the emerald shiner is found most often in midwater (Trautman 1957 ), Cross (1967) suggests a preference for sand bottoms. The species is common to abundant in the larger lakes of Wisconsin as well as in the lower Wisconsin and Mississippi rivers (Johnson and Becker 1970) .
Although characteristic of large rivers, emerald shiners often ascend small tributaries, particularly in fall and spring (Trautman 1957 ). This movement may be influenced by temperature differences between the river or lake and the tributary stream (Campbell and MacCrimmon 1970) .
Notropis dorsalis is a characteristic inhabitant of streams in the prairie regions. Its present distribution has in fact been correlated with a previous advance of prairie in the last xerothermic period. The small isolated populations of N. dorsalis in the east, the subspecies N. d. keimni is thought to be a relict of this earlier, drier time (Trautman 1957) .
It is generally agreed that N. dorsalis reaches maximum abundance in the smaller sand-bottomed streams, and is less common in the larger rivers (Simon 1946 , Cross 1967 , Pfleiger 1971 ). Starrett (1950a), however, considered N. dorsalis the third most abundant minnow in the Des Moines River, a stream 125-200 ft in width. Here N. dorsalis was sometimes collected over recently covered sandbars, suggesting an ability to make use of newly formed habitats. In Wisconsin, Johnson and Becker (1970) report N. dorsalis to be common in sandy streams of medium size in the Mississippi drainage.
Both N. spilopterus and N. stramineus appear to prefer streams of moderate size and seem generally less rigorous in their choice of habitat.
Notropis spilopterus is found in streams of all sizes in Missouri (Pfleiger 1971 ), but appears in other regions to prefer medium-to large-sized rivers (Starrett 1950a, Johnson and Becker 1970) . The spotf in is found over rubble and gravel bottoms (Cross 1967 , Pfleiger 1971 ) but is more commonly reported over sand (Hankinson 1930 , Greene 1935 , Becker 1966 ). In southwestern Wisconsin N. spilopterus is most common in streams with sand bottoms.
Notropis strainineus, a species characteristic of prairie regions, also appears capable of living suc-cessfully in a broad range of habitats. Medium-sized streams, however, contain the largest populations (Starrett 1950a , Trautman 1957 , Pfleiger 1971 ). Notropis strainineus is found most often over sand.
This survey suggests that, paralleling differences in morphology among these four species, there is a gradient of preference for habitat as well. Notropis (Itherinloides is most abundant in the largest rivers and lakes; N. spilopteruts and N. stratnineus, found in streams of all sizes, most characteristically inhabits streams of moderate size; N. dorsalis reaches maximum abundance in the smaller streams.
The preference of N. strainineus and N. dorsalis for sandy substrates is mentioned by many observers. Less clear are the substrate requirements of N. atherinoides and N. spilopterus, although they are often found over sand. All four species live most successfully in streams and rivers of slow-to-moderate current.
Associations among species of Notropis
Notropis species show a strong tendency to school. Frequently the large aggregations found in open water contain several species. An examination of collections housed at the University of Wisconsin Zoological Museum and of notes from the University of Wisconsin Field Zoology course filed in the museum suggests that multispecific assemblages of Notropis are common. Of 291 collections in which at least one species of Notropis was present, over 60% contained two or more species. About onethird of the collections contained three or more, and 26 collections were composed of five or more species of Notropis. The number of species, of course, generally increases with the size of the stream and the intensity of sampling, the latter detail usually not quantified by collectors. Nevertheless, it appears that positive associations among species in this genus do occur frequently. The co-occurrence of Notropis species is also suggested by the data of Breder and Crawford (1922), Snelson (1968 Snelson ( , 1971 Snelson ( , 1973 (Becker 1966 ). The ecological significance of this information is not easy to assess. The association of these four species is most frequently encountered in small sandy tributaries of large rivers, a kind of habitat repeated with some regularity along the lower Wisconsin. Such areas, because of their proximity to large rivers, tend to be invaded by species common in the rivers. Notropis atherinoides in particular has a propensity for such movements. Because these streams are relatively small and have sand bottoms, they are capable of supporting such species as N. dorsalis which prefer such habitats. In this sense, streams like Roxbury Creek are analogous to the "edge habitats" of terrestrial ecology, the importance of the associations among animals living there being directly related to the stability of the habitat and to the frequency with which it recurs.
Each species seems to have morphological adaptations, particularly in mouth location and body shape, sufficiently different to permit coexistence. Moreover, these characters vary from species to species in a regular way. The co-occurrence of four species differing from one another in this fashion strongly suggests an association going beyond chance. Nevertheless, in view of their rather distant relationship within the genus, these animals would seem more likely to be preadapted for coexistence rather than molded by mutual interaction into a functioning unit. The fact that each species reaches maximum abundance in habitats slightly different from those most favorable to the others also suggests that the regular variation in morphological features, however advantageous to their continued coexistence, is not the result of a long history of mutual contact.
Regardless of the interpretation we place on the character of the relationship, it is a fact that year after year large populations of these four Notropis species can be found living together in the pools of small Wisconsin streams. the number of seine hauls was not fixed in advance, three passes through a pool was generally sufficient to obtain a quantitatively representative sample.
In an attempt to determine whether the same fish were continually reappearing in the traps, fish were marked by fin-clipping for several weeks both in 1966 and in 1967. On 4 April 1966, 302 individuals representing all four species in roughly equal numbers were marked. Only 3% were recaptured on May 7 of that year. No significant differences in percentage recapture among species were noted. In the spring of 1967, 205 individuals were marked. During the following 3 mo of weekly trapping not one marked Notropis was recovered. The data suggest that repeated trapping of the same individuals has little effect on the data. The possibility that fin-removal had serious ill effects on fishes was discounted: aquarium-held animals showed no adverse response to such treatment. Pools were seined periodically during the course of trapping to insure that each species was secured in reasonable proportion to its abundance in the pools as measured by the sum of the frequency of capture in all traps. The abundance of fishes in the stream is also related to annual variation in the size of river populations, information difficult to obtain with accuracy. Seasonal patterns are probably best expressed, therefore, by data on presence whether a species occurred at all in a sample and not by the number June to August is thought to be the main breeding period of these fishes in the north central states (Starrett 1951) . In view of their absence from Roxbury Creek during the summer months, it appears unlikely that any of the four species, with the possible exception of N. dorsalis, breeds in the stream. Starrett's excellent analysis of the effect of water levels on breeding success (also Moore 1944) suggests that recruitment is not directly dependent on events in the stream, but rather is determined by conditions in the river.
Nevertheless, periods of abundance in tributary streams, occuring as they generally do in spring and fall, may well be significant to the overall success of these fishes in the lower Wisconsin River. High populations are found in Roxbury Creek throughout the spring, presumably a period of intense feedirng before spawning, and again in fall and early winter when food resources appear to be considerably reduced. Diel activity.
-If the number of fishes actually caught in a trap period can be considered a measure of their general activity level during that period, then from the relative numbers of each species caught during the day or the night, we can obtain some information on diel patterns of activity in these fishes.
Notropis dorsalis (n = 76, x2 < .01) and N. atherinoides (n = 143, x2 < .01) were trapped more frequently at night in Roxbury pools; N. spilopteruis, on the other hand, was trapped more often during the day (n -2,686, x2 < .01 ). No difference is apparent in the behavior of N. strawnineus (n = 209, x2 > .05).
All species showed a tendency to appear in "exposed" traps at night. These traps located in shallow water or near the surface in deeper watercaught relatively more fishes of all species at night than during the day. Increased immunity from terrestrial predators, and the presence of emerging insect larvae may contribute to this. An analogous movement of N. spilopteriis into shallow water at night in the Des Moines River has been noted by Starrett (1 951). Nighttime activity in N. atherinoides has been described by Trautman (1957) and Campbell and MacCrimmon (1970) .
These data should nevertheless be interpreted with caution. It is not clear, for example, why fish enter unbaited minnow traps at all, nor is it known precisely when in the course of a day's or night's trapping the majority of the animals are caught. Turning on a light in a darkened aquarium room, one invariably finds all four species resting quietly on the bottom. It is only after several minutes of highly disorganized movement that the sluggish fishes resume their normal patterns of behavior. It would seem more probable, therefore, that nighttime capture is an indication of crepuscular rather than truly nocturnal activity.
Spatial distribution. Seining data, trapping data, and visual observation indicate that in Roxbury Creek Notropis species are found almost without exception in the pools, those deposition areas whose morphology has already been discussed. Some preliminary general comments, based on field observations, may help to orient the reader about the spatial distribution in these pools.
At times of peak population in the stream, not only the relatively permanent pools, but also marginal In the pools fish remain in loose aggregations facing the current. This orientation is usually very precise; it occurs not only in the channel, where most of the fishes are found, but also outside the main thread of the current in eddies near the bank. Very often subsurface eddies can be detected only by the orientation of fishes to the circular pattern of water flow. Fish do not maintain themselves in a stationary position in the channel, but characteristically swim upstream a short distance, then drift backward a similar distance and repeat their forward movement.
It is possible, by careful observation, to distinguish different species in the pools, principally by the breadth of the dorsal aspect and by the nature of the middorsal stripe. Overt interactions between individual fishes of the same or different species are not common. If the fishes remain in species-specific schools this is not apparent from streamside observation.
Sometimes fishes are seen close to or actually feeding on the bottom, but in general the aggregation is well dispersed in the water column, and directional feeding movements are rarely noted.
From time to time small groups break off from the main mass of fishes in a pool and begin hesitantly to move upstream. The slightest disturbance sends them racing back to the pool. Movements upstream generally follow troughs at the bank edge of the stream. The fish move in a long line, several abreast. Very infrequently does a broad wave of fishes move out over wide stretches of sand.
Although it is difficult to generalize from field observations made on shy animals in an environment often rendered opaque by shifting light conditions, the dominant impression conveyed by these animals to an observer is one of patient waiting. For long periods individual fishes, always oriented into the current, may move only short distances upstream and downstream, apparently neither feeding nor interacting with their fellows. The purpose of trapping these animals, then, was to determine if, within this assemblage structured seemingly only by the direction of current flow, subpatterns of spatial preference among the four species could be detected. Spatial preferences were measured along two axes. Data averaged from all traps at locations 1, 2, 3 and 4 (Fig. 1) measure preferences among the species along a longitudinal axis, from the head of a pool, or shallows region, through the pool itself. Data from traps positioned in the deepest part of a pool, location 3, measure preferences in a vertical direction, the height above the bottom at which fishes of each species are most commonly found.
Deteriorating conditions sometimes necessitated the transfer of traps from one pool to another. As a result, data from some pools, principally those trapped for short periods of time, are less than complete. In order to describe the characteristic spatial distributions of the four species, therefore, I combined data from each of the six pools. (Complete data on the distribution of species in each pool are included in Appendices I, II, and III.)
Comparisons between the distribution of individual species and hypothetical random distributions (equal numbers at each trap location or depth) were tested for significance by the Kolmogorov-Smirnov one-sample test (Table 4) . This test compares observed and expected cumulative frequency distributions. The point at which the two distributions show the greatest divergence is determined. Reference to the sampling distribution indicates whether such a large divergence is likely on the basis of chance. Differences between pairs of species in spatial distribution along both longitudinal and vertical axes were tested by the Kolmogorov-Smirnov two-sample test (Table 5) . Observed distribution of all species differed from expected at 0.01 level. No seasonal differences in the spatial preferences of any species could be detected. Vertical axis (Fig. 4) .-Both N. dorsalis and N. strarnineus were found most often in traps on the bottom (A-level). No significant differences in the vertical distribution of these two species was found (Table 5) .
Trap depth Cumulative-----------------------------
Notropis strarnineus, trapped with greater frequency in midwater, nevertheless appeared less rigidly committed to a benthic existence than did N. dorsalis. Notropis atherinoides and N. spilopteruts, on the other hand, were more commonly collected in midwater traps than on the bottom. The latter species in particular demonstrated a clear preference for midwater. The data on the distribution of N. atherinoides, whose midwater and surfacedwelling habits have been mentioned by both Trautman (1957) and Cross (1967) , must be interpreted cautiously. This species appeared in numbers in Roxbury Creek only in spring, and even then its presence was spotty. Almost 40% of all N. atherinoides, for example, were captured in a single trap on the morning of 12 June 1967. This event, possibly reflecting some form of contagious behavior in a strongly aggregating species, affects data on the distribution of N. atherinoides to a disproportionate degree.
Longitudinal axis (Fig. 4) . In February one station was not sampled because of bad weather. Both drift and benthic samples were taken in each sampling period. Fish, when present, were collected for analysis of stomach contents. The following 4-day sequence was followed at each station: day 1: drift sample day 2: collection of fishes day 3: drift sample day 4: benthic sample.
The two drift samples were designed to estimate the impact of feeding fishes on the composition of the drift. In practice the number of fishes was either so great that it was impossible to remove a significant number, or so few that their effect on the drifting fauna was negligible.
Since the quantity of drift varies with a diel as well as a seasonal cycle (Waters 1962 Nets were set in vertical series in a wooden frame, a procedure designed to examine the possibility of vertical stratification in the drift fauna. The number of nets used depended on the depth of the stream at the point sampled.
In general, the sampler was located in the channel, at approximately the deepest part of a pool. To minimize disturbance, the sampler was placed in the stream from a platform extending from bank to bank.
During a 6-h sampling period, four samples of 20 min each, separated by 90-min intervals, were taken, a total of 80 min of sampling.
Current measurements were made with a Price pattern pygmy current meter with a cup width of three-fourths in., sensitive to velocities 0.03-3.4 m/s. Such measurements, taken at 9-cm intervals from substrate to surface, permitted calculations of the total volume of water passing through each net.
Drift samples were preserved in 2% Formalin Benthic samples were taken with a D-frame aquatic net of width 30.5 cm and mesh size 20 threads in., scraped over bottom sediments for a distance of 30.5 cm. The net penetrated and allowed sifting of bottom sediments in this stream to approximately 1-3 cm. Although the mesh size of the benthic sampler was somewhat greater than that of the drift nets, no significant difference was found in the size of organisms captured.
During each sampling period two benthic samples were taken along the midline of the pool: one in shallow water near the upstream edge of the pool, the other in deep water near the pool center.
Samples were measured volumetrically, fixed in show distributions restricted either to the benthos of the pools or to the drift. Others, including some of the more abundant genera, were found both in the drift and on benthic substrates. The relative numbers of the more common organisms collected in either of these two habitats appear in Table 9 .
The drift fauna Animals characteristic of the drift were derived mainly from three taxonomic groups: cyclopoid copepods; chironomid larvae, principally genera in the subfamily Orthocladiinae; and ephemeropteran nymphs of the genus Baetis. Terrestrial invertebrates also contributed significantly to the drift, particularly in warmer months. Other dipteran larvae, including representatives of such families as the Simuliidae and the Dixidae were restricted to the drift as well, but were present in very small numbers.
With few exceptions cyclopoid copepods, including at least five genera, were found only in the drift.
Since most of the genera collected are considered benthic forms (Hutchinson 1967) , it is possible that they actually inhabit small backwaters, enclaves protected from the main stream of the current, and are washed periodically into the drift. The Cyclopoida were absent from collections in December and February.
Harpacticoid copepods, generally benthic in distribution, were collected in small numbers from both pool and shallows sediments, as well as from the drift.
Members of the chironomid subfamily Orthocladiinae were collected almost exclusively from the drift. At Station 1 orthoclads constituted an average of 32.5% of the drift fauna and were the most abundant drifting forms in December and February samples. The genera Corynoneura, Cricotopus, two species of Nanocladius (Elukeifferilla), Psectrocladius, and Thiemaniella were found only in drift samples at Station 1. Brillia and some undetermined genera were infrequently recorded from bottom samples, mainly in the shallows. At Station 2, where reduced numbers of the same genera were present, Brillia and a few Corynoneura alone appeared in benthic samples. The rest were restricted to the drift. The four genera of Orthocladiinae found at Station 3 were all collected from the drift, where they constituted over 13% of the fauna.
The Although Elodea beds in the unshaded portion of Roxbury Creek harbor large populations of Orthocladiinae, they are at considerable distance from the pools sampled. A more likely source of drifting forms are the small gravel patches found at varying distances upstream from each of the pools. A similar origin is suggested for the few blackfly larvae (Simnulimlr) which also drifted through the pools.
The Ephemeroptera were represented by small nymphs of an undetermined species of Baetis. This organism was present only in the warmer months, when it averaged over 4% of the drift fauna. It was never collected from bottom samples in any of the pools. In gravel patches, however, and in Elodea beds Baetis brunniecolor, B. flavistriga, and B. vagans were collected.
Presumably individuals drifting through the pools were representative of one or more of these species.
Terrestrial invertebrates, either floating on the water's surface or carried close to it, composed significant portions of the drift in warmer months. Infrequently, drowned organisms of terrestrial origin were collected from bottom sediments. Adult diptera particularly the families Chironomidae, Mycetophilidae, Sciaridae, and Dolichopodidae, often encountered along stream margins (Thomas 1962 )-were the most common nonaquatic animals in the drift. Collembola were also frequently collected. Terrestrial Coleoptera, especially the family Staphylinidae, were generally more abundant than their aquatic counterparts. Homoptera (particularly Aphididae) and Hymenoptera of the superfamily Chalcidoidea were also taken in the drift. Spiders were present in low numbers.
Among the other groups characteristic of the drift were oligochaetes of the families Aelosomatidae and Naididae. A diverse and abundant fauna consisting of the genera Aelosoma, Amphichaeta, Chaetogaster, Nais, Ophidonais and Pristina were recorded mainly from the drift in all pools. Once it became clear that their remains could not be identified with certainty from the stomach contents of fishes, quantitative estimates of their abundance were discontinued.
Published reports, as well as collections from other parts of Roxbury Creek indicate that most elements of the drifting fauna spend considerable time on benthic substrates of one kind or another. Simulium and Baetis, for example, clearly do occur elsewhere, on gravel deposits or in other benthic habitats. In the pools of Roxbury Creek, however, they are largely confined to the drift, where they serve as one of the main food resources for Notropis.
The benthic fauna
A somewhat more varied fauna inhabited the benthos of pools in Roxbury Creek. Several major taxonomic groups, including the Diptera, Trichoptera, and Oligochaeta, comprised the bulk of the animals encountered. Isopods and neuropterans, somewhat less abundant, were also characteristically benthic in distribution.
The Chironomidae (order Diptera) contributed the greatest number of individuals to the benthic fauna. Larvae of the tribe Tanytarsini, primarily species of Micropsectra, were especially abundant. At Station 1, Micropsectra composed an average of 60% of the benthic fauna, generally increasing from midspring to winter (Table 6 ). Somewhat smaller populations were found at Stations 2 and 3. Micropsectra was also found in the drift, but in relatively insignificant numbers (Table 9) . In May, when large numbers were apparently drifting (Table 6 ), most were found in samples containing mats of an unidentified blue-green alga. These mats, probably benthic in origin, floated downstream in the early evening of both sampling periods. High metabolic activity resulting in the release of gas bubbles by these plants has been suggested as an explanation (Minckley 1963) . Algal mats also contained large numbers of cyclopoid and harpacticoid copepods and oligochaetes of the family Naididae.
Benthic assemblages dominated by Micropsectra have been reported from Europe (Lindegaard-Petersen 1972). Mackay (1969) found this genus common in detritus in a woodland Quebec stream. Where populations are high, the cases of Micropsectra, which are usually made of sand and detritus (Chutter 1969) , may form thick layers on the substrate (Lindegaard-Petersen 1972).
Genera included in the tribe Chironomini (family Chironomidae) were also largely benthic. Chironomini, all of which build cases, generally burrow more deeply into the substrate than do other chironomid groups (Oliver 1971 ). Paratendipes, the most abundant form, showed definite seasonal trends. Populations were highest in May. In November, the genus was absent from both pools (Tables 6, 7) . Of the two species of Polypedilurm one showed a strong tendency to drift. The other was restricted to benthic samples (Table 7) . Members of this genus are said to feed on water-soaked wood (Hynes 1970 ). This may account for their somewhat greater abundance at Station 2, where bark fragments were common. The other genera, Cryptochironoinus, Microtendipes, and Stictochironoinus, were rarely found in the drift.
The Tipulidae were also primarily benthic inhabitants in Roxbury Creek. Of the five genera reported, only Tipula, which grows up to 60 mm in length, drifted to any extent. The appearance of these large, dark larvae, writhing vigorously as they are carried downstream over long stretches of bare sand, is a characteristic winter scene in Roxbury Creek. The other genera were overwhelmingly benthic in distribution. Dicranota was restricted mostly to the shallow water benthic samples of Station 1, and constituted one of the distinctive elements of the shallows fauna (Table 6) .
Four genera of Trichoptera, referable to the families Hydropsychidae, Limnephilidae, and Phryganeidae, were collected. Pycnopsyche, a limnephilid that builds cases of sticks, leaves, and sometimes stones, and whose ecology has been exhaustively treated by Cummins (1964) and Mackay and Kalff (1973) was a common inhabitant of the benthos in all pools. Mature larvae were sometimes collected in drift nets (Station 1, December), but since these animals have a propensity for climbing-they were often found crawling on the outside of the nets-it is not clear whether they were in fact drifting. Earlyinstar limnephilids did, however, drift in late summer and fall, behavior reported also by Elliott (1967) and Bishop and Hynes (1969) .
The Hydropsychidae, net-spinning Trichoptera, were represented by a single species, Hydropsyche slossonae, smaller individuals of which drifted through Stations 1 and 2 during May, June, and August. Mature larvae were collected only from the shallow-water benthos of Station 1.
Of the benthic oligochaetes, most common was the tubificid Limnodrilus, which appeared in benthic samples in all pools from May to November. Limnodrillis made up over half the benthic fauna of Station 2 in November (Table 7) , and was present in appreciable numbers in both May and August. A second tubificid genus, llyodrilus, was common at both Stations 2 and 3 (Tables 7, 8) .
Several other animals drifting infrequently were the carnivorous alder-fly Sialis and the isopod Asellus interinedius. Sialis, over 95% of which were collected from the benthos (Table 9) , is characteristic of depositing substrates (Hynes [1960] ; for a discussion of food habits see Woodrum and Tarter [1973] ). A similar habitat is suggested for Asellus (Hynes 1960), which was found in greatest abundance at Station 2 (Table 7) . A sellus was not collected from the drift at either Station 1 or Station 3.
Indeterminate fauna
Of the organisms that could not be easily designated as either drifting or benthic, the amphipod Ganunarus pseudolimnaeus was by far the most important. Gaminarlus was common in every available habitat in Roxbury Creek, and formed a substantial part of the fauna in all three pools. The large populations of this species may well be correlated with the high dissolved solid concentrations in Roxbury Creek (Poff and Threinen 1962, Macan 
1963, Minshall and Kuehne 1969).
Although this mobile species was abundant in drift and benthos, its apparently contagious distribution made accurate estimation of numbers extremely difficult. Greater numbers of Gaminarus appeared to drift in evening and morning, however, than in the daytime. Diel periodicity is a well-known characteristic of Gainmaruis populations (Waters 1962) .
Other organisms present more or less equally in drift and benthos were pupae of the family Chironomidae, whose generic identification was not attempted, but which appeared frequently in both spring and summer samples. Enchytraeid oligochaetes, apparently benthic, showed a propensity to drift in the November sampling period at Station 2 (Table 7) .
Drifting aquatic mites were found only in daytime samples. This tendency has been noted also by Moon (1940), Elliott (1967) , and Bishop and Hynes (1969) . Only three individuals of the mite Lebertia were collected at Station 1, all in shallow-water benthic samples. They comprised, together with Dicratiota and Hydropsyche, one of the distinctive faunal elements of this region.
Distribution of drift in vertical strata of the water column
One aim of this study was to examine the possibility of vertical stratification in the drift fauna. At normal stream flow, three nets arranged in vertical series were employed. Although certain animals were restricted to the drift, no recognizable pattern of vertical stratification could be detected. Similar results were obtained by Waters (1965) and Ulfstrand ( 1968).
Similarities between drift and henthic faunas
Considering that most organisms encountered in Roxbury Creek were more common either in the drift or in the benthos, and that relatively few had indeterminate distributions, one might reasonably expect little similarity between drift and benthic faunas in any one sampling period. To a high degree this expectation is confirmed by percentage of similarity calculations (Table 10) . Only in May, when large numbers of the benthic genus Micropscc tra were trapped in drifting mats of algae, did the percentage of similarity between drift and benthic samples rise above 35%,. The average similarity for 10 sets of samples was only 25%.
Paired drift samples, on the other hand, showed consistently high overlap. Only in December, when few animals drifted, did the percentage of similarity dip below 60%6. The average for 7 sets of comparisons was over 66%,, suggesting that the composition of the drift remains relatively constant during a period of several days at least.
The degree of similarity between pool and shallows samples varied among pools. At Station 1, where the shallows grade gently into the pool and where similar bottom sediments are found, the average degree of overlap was high (67.6%). At Station 2, where sandy shallows drop abruptly into a detritusfilled pool, the degree of similarity was low.
Previous studies have emphasized comparisons between drift and those benthic substrates from which the drift had presumably originated (Elliott and Minshall 1968 ).
In such situations overall 
FOOD HABITS OF NOTROPIS SPECIES IN ROXBURY CREEK
This report on the food habits of the fishes emphasizes the effect of spatial patterns on composition of the diet. The components of the invertebrate fauna differ not only in their distribution but also in other characteristics-size, ease of capture, palatability-whose importance is difficult to assess. Nevertheless, I suggest that availability in the sense of spatial proximity, largely determines the choice by these fishes of particular prey.
The influence of spatial factors on diet has been pointed out by a number of biologists investigating the food habits of fishes (Nillson 1957 , Jvlev 1961 , Thomas 1962 , Maitland 1965 , Keast 1965 , Mann and Orr 1969 .
Closely related to the analysis of spatial preference as a means of structuring predator-prey interactions are the twin problems of competition and coexistence. The limits of the resource for which the four species of fish may Le competing, and the time dimension in which such interactions may be taking place have not been considered in this study. However, I have examined the pattern of resource subdivision operating in this system, and attempted to determine whether differences in spatial distribution do in fact satisfactorily explain observed differences in diet.
Freshwater fishes often show considerable flexibility iin prey selection. Differences in diet among sympatric species, rather than being qualitative, may involve no more than differences in the proportion of the same items eaten by several species (Forbes 1878 . Hartley 1948 , Larkin 1956 , Weatherly 1963 . Previous studies of the four species under consideration (Boessel 1937 , Starrett 1950b , Pfleiger 1960 , Minckley 1963 , Campbell and MacCrimmon 1970 reported that strong preferences for particular prey are not apparent; instead a variety of invertebrates are used as food, suggesting that habitat and abundance may chiefly determine food habits.
Methods
Fishes were collected from pools on the day following the first of the two sets of drift samples. Collections were made at the end of the period reserved for drift sampling with a 15-ft, one-fourth in. mesh, nylon seine. Although the number of seine hauls was not fixed in advance, samples of fish taken from each pool in general reflect relative population sizes. In order to prevent regurgitation, fishes were killed in MS-222 (Sandoz Pharmaceuticals), an anesthetic for ectothermic vertebrates, and then fixed in 10% Formalin. After being washed, samples were placed in 70% ethanol for permanent storage.
In the laboratory the standard length of each specimen was recorded. In the analysis of food habits, the entire digestive tract was utilized. Contents were first examined under a dissecting microscope and larger items were removed and identified. (Table 11) .
The pattern of exploitation suggests an absence of rare, burrowing, or particularly large animals in the diet, with a preference instead for common, accessible, and moderate-sized organisms. The animals preyed upon by three and four species of Notropis, for example, were generally among the most abundant in the fauna. All were of an easily ingestible size. Larval chironomid genera were heavily utilized by all species.
In some cases, the absence of a genus from the diet of fishes appears to reflect chance factorsdifficulty in identification or rarity-rather than any peculiarity distinguishing it from others in the same family or order. For example, in the case of the cyclopoid copepods the most abundant genus, Eucyclops, was eaten by all species, whereas the least common (and incidentally most difficult to identify from fragmented exoskeletons), Macrocyclops and Cyclops, were eaten by one and two species of fish, respectively.
Of the aquatic animals eaten by at least one species of Notropis, 25, or 62.5% were eaten by N. stramineus, 27 or 67.5% by N. dorsalis, 28 or 70% by N. atherinoides, and 36 or 90.0% by N. spilopterus. The coefficient of community (Cox 1972 ) expressing percentage overlap in terms of presence indicates strong similarities among the four species in the choice of aquatic prey (Table 12) . Terrestrial representatives of 10 orders of arthropods were eaten. Here, however, distinct differences in utilization are apparent (Table 12) . Notropis atherinoides and N. spilopterus, dwelling in midwater or near the surface, prey on a much wider variety of terrestrials than do the largely benthic N. dorsalis and N. stramineus. Differences in utilization of terrestrials thus appear to reflect habitat differences among species. Although most of the invertebrates in Roxbury Creek are considered edible by Notropis, it is not clear from these comparisons whether they are eaten contemporaneously by the different species, or whether any similarity exists in the extent of utilization. I therefore used the Spearman Rank Correlation Coefficient (Siegel 1956 ) to assess the degree of correspondence among the four species in the choice of invertebrate prey (Table 13) Relationships between diet and the distribution of the invertebrate fauna.-Within most of the higher invertebrate taxa, particularly the abundant Diptera, differences are distinct in the spatial distributions of various families and genera. In order to explore the significance of such patterns in determining prey selection, I used two measures that clarify the relationship between habitat and diet:
1) The percentage of similarity (Southwood 1968 , Cox 1972 ) between the drift and benthic faunas and the diet of each species was calculated. Relative degrees of similarity between drift-diet and benthos-diet comparisons indicate in a broad way where fishes were feeding (Fig. 6) . 2) In each sampling period, invertebrates collected were placed in one of six defined habitat categories. The percentage that each of these categories made up of the diet of fishes collected in the same sampling period was determined (Fig. 7, 8 ShadLd bars represent terrestrials, indeterminate, and sum of drift-90% drift and benthic-90% benthic categories, respectively. the most common prey taken. Orthoclad chironomids and terrestrials were largely absent from the diet, but copepods appeared in numbers in the December sample. The apparent preference of N. dorsalis for shallow-water areas upstream from the pools is expressed by the frequent presence of Hydropsyche and Dicranota, and on one occasion the mite Lebertiaall organisms collected primarily from the shallowsin the diet of this species.
In all sampling periods the diet of N. dorsalis consisted more of benthic fauna than of drift (Fig.  6) ; and in all sampling periods, with the exception of Station 2 in November when few N. dorsalis were collected, animals of primarily benthic origin predominated (Fig. 7, 8 ).
Discussion
Significant correlations were found among all species pairs in the relative importance of various taxonomic categories in the diet (Table 13) . Larval Diptera were, on the average, the most important constituents in the diets of all four Notropis species throughout the year.
The percentages of similarity between diet and faunal compositions (Table 13 ) suggest a broad similarity between diet and drift in N. atherinoides and N. spilopterus, both midwater inhabitants, and an equally strong agreement between diet and the composition of the benthos in the bottom-dwelling N. dorsalis. The diet of N. strarnineits showed approximately equal similarity to drift and benthos, a result not unexpected on the basis of the spatial distributions and feeding behavior of this species. Notropis atherinoides and N. spilopterus utilized terrestrial and drifting organisms to a much greater extent than did either N. dorsalis or N. strainineus. The latter two species preyed more heavily on benthic elements of the fauna (Fig. 12) . In general the utilization of animals of different habitat categories also followed closely the direction expected from a consideration of the independently derived spatial distributions of the four species.
Emphasis in the preceding analysis has been placed on the importance to predators of the proximity of their prey. Because the food habits of each of the four species of Notropis are so varied, specialization adapting these fishes to the capture of particular kinds of prey is probably not the chief mechanism by which potential competition is avoided. The apparently stable spatial preferences among the four suggest rather that adaptations allowing fishes to live in particular regions of a pool and to feed on whatever prey is available are more important in permitting coexistence.
In some cases, where the distribution and location of major elements of the invertebrate fauna cannot be determined with certainty spring and summer sampling periods, for example, when normally benthic forms are active in the drift the diets of the fishes are correspondingly difficult to interpret. In other situations the relationship between habitat and diet are much clearer. In December, for example, chironomid larvae were the chief prey of all four species. Notropis atherinoides and N. spilopterits, however, fed on genera restricted almost exclusively to the drift; N. stramnineiis and N. dorsalis concentrated on the dominant benthic genus. Every chironomid genus except very rare or cryptic forms is consumed to some extent by each Notropis species. The differences in proportions eaten, however, are important, and these generally reflect differences in spatial distribution among the fishes. In the preceding example, bottom-dwelling Notropis fed on benthic chironomids; Notropis swimming in midwater fed on drifting forms. The same kinds of differences can be seen in the utilization of other invertebrate prey such as terrestrials, Ephemeroptera, other Diptera, particularly the Tipulidae, and at certain times Isopoda and Copepoda.
Within this broad framework, there is a good deal of flexibility. Notropis atherinoides, which regularly feeds in midwater or near the surface, for instance, may at one time concentrate heavily on terrestrial insects. In another pool, or in a different sampling period this same species, faced with a potential prey fauna of similar composition, may utilize copepods or drifting chironomid larvae. The factors underlying these shifts in diet whether they include the presence of N. spilopterits feeding in the same regions, or local conditions undetected by sampling are not easily ascertained. The fact that only one collection of fishes was made in each sample period may account for some of this variability. Drift-feeding fishes, especially N. atherinoides, prey on animals derived largely from sources other than the pools themselves. Events affecting the abundance or resident invertebrates in the pools, therefore, have relatively slight impact on driftfeeders.
Bottom-dwelling fishes, especially N. dorsalis, are clearly dependent on prey populations produced in the pools. To the extent that fishes are feeding on prey faunas derived from different sources, they cannot compete, regardless of the similarity in prey species chosen. Notropis stramnineus, which inhabits benthic regions of the pools, differs in several ways from the bottom-dwelling N. dorsalis. There is a strong suggestion, both from the kinds of prey species chosen and from the mode of feeding as observed in aquaria, that for N. stramnineus drifting forms, albeit not surface drift, are as important as benthic fauna. Excepting a propensity for copepods in fall and winter, N. dorsalis preys almost exclusively on the benthic fauna. The tendency of this species to occupy shallow areas upstream from the pools is expressed by the frequent presence in the diet of several invertebrates Hydropsyche, Dicranota, Lebhertia largely restricted to these regions. The importance to N. stramnineus of detritus and algae, which may in fact be removed from the drift, also tends to separate the two species. Detrital remains in N. dorsalis are very often simply the cases of the chironomid larvae on which this species preys. From an analysis of the spatial distributions of predators and their prey and from an examination of the diet of the predators, I conclude that the second alternative is much the more compelling explanation for the continued coexistence of four species of Notropis in Roxbury Creek. It appears, further, that predatory styles conforming to this general pattern are more likely to develop as a result of selective pressures from other predators utilizing the same food supply than from the habits of the animals preyed upon. The effects of such an approach do, however, have implications for the prey fauna, the degree of impact on different species being roughly proportional to the extent of spatial overlap with the predators. For example, the larval forms of certain Chironomidae, the Orthocladinae. are preyed upon to a much greater extent than might be expected from a consideration of their numbers. This seems to be because their spatial distributions are generally congruent with those of the most abundant predators.
Concerning relationships among the predators themselves, I have presented evidence that they occur together in other Wisconsin streams and over wide areas of their range. These species tend to associate in edge habitats: small, sandy streams tributary to large rivers. Such habitats are sufficiently common in southwestern Wisconsin and in the upper Mississippi Valley generally to arouse our interest in the nature of the relationship. On the other hand, these fishes are not so intimately associated, nor have they such an identity of habitat requirements to permit the conclusion that they have evolved together. Nor is there evidence that the geographic range of any one species has been affected by the presence or absence of the others. It is more likely that the morphological and behavioral characteristics permitting these species to coexist in Roxbury Creek and these, 1 have suggested, center on spatial partitioning are preadaptations allowing these species to coexist whereever they are found together but not demanding a coevolutionary origin.
In the genus Notropis, where association among species is sufficiently widespread to treat this particular combination as an example of a more general trend, it is of interest to examine another possible reason for the existence of these groups.
The tendency of Notropis to live in large aggregations, and the observations that these four species are mutually responsive in aquarium settings suggest one explanation. Such aggregations may provide protection to individuals from their own predators, although the functions of schools are not well understood (Keenleyside 1955 , Shaw 1962 , Etkin 1964 , Shaw 1970 ).
In natural habitats large schools composed of a single species might be more cohesive than multispecific groups, but competition for food among its members would presumably be more severe. In multispecific schools like the ones considered here, each species may have spatial preferences and hence food habits somewhat distinct froml the others. In such groups, at least some of the advantages of schooling are preserved, while the disadvantage of intense intraspecific competition for food are partially avoided. The effectiveness of multispecific aggregations depends ultimately, however, on maintaining in each species a balance between selective forces that tend to preserve morphological and behavioral similarities, thus insuring mutual responsiveness, and selective forces acting in an opposite direction, serving to minimize competition. 
